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Introduction
In termsof area,riverine systemsrepresentthe largestcategoryof forestedwetlandsin
the UnitedStatesalthoughestimatesof their extentin the Southeastvary widely (i.e. 6
to 13 million ha—Sharitzand Mitsch, 1993). In additionto areal significance,riverine
forestsarevery importantfunctionallybecauseof ahigh degreeof hydrologicinter-
connectivitywithin the landscapeand,consequently,havegreatpotentialfor influenc-
ing the chemistryandbiology of aquaticsystems(Brinson,1993).As aresult,manage-
ment activitiesthatalter thebiogeochemicaltransformationfunctionof riparianforests
havethe capacityto influencemuchlargerportionsof the landscape.

Floodplainforestsaretypically occupiedby amosaicof vegetationcommunities
that are definedby hydroperiod(Shelford,1954; Hodges,1995).Areassuchas
deepwaterswampswith long hydroperiodsmaybedominatedby watertupelo (Nyssa
aquatica) andbaldcypress(Taxodiumdistichum)while the wetter portions of true
floodplainscould beoccupiedby sweetbay(Magnoliavirginiana), overcupoak
(Quercuslyrata), redmaple(Acer rubrum),waterhickory (Carya aquatica),andlaurel
oak (Quercushemisphacrica). Moderatelywell-drainedareasmaysupportsweetgum
andwateroak while cherrybarkoak (Quercusfalcatavarpagodaefolia)andblack
gum(Nyssasylvatica)oftenoccuron betterdrainedsites(SharitzandMitsch, 1993).
While floodplain forestsareclearlydominatedby deciduousspecies,the occurrenceof
slash,spruce,andlorloblolly pine (i.e. Pinus elliottii, glabra, andtaedarespectively
dependingon the associatedhydroperiod)is alsocommon.

Annual litterfall andtotal abovegroundbiomassproductionrangebetween3 to 7
and7 to 20 tlharespectivelyamongtypesof riverineforestsin the southeasternUS
(Brinson 1990,Conner1994).The high valuesof both rangesindicatethatsome
floodplain forestsareamongthe mostproductiveforestsof the temperatezone(Bray
andGorham,1964;RodinandBazilevich,1967).Brinsonnotes thatno latitudinal
patternsemergefrom areview of floodplainNPPliterature and that this is likely dueto
the dominanceof intrasystemhydrologyoverclimatic variation asthe controlling
factorbehindfloodplain NPP.

In general,forestedfloodplainsof the southeastemUnitedStatesfall into two
categoriesfrom abiogeochemicalstandpoint:alluvial (i.e. redwater)andblac.-kwater

SkogForsk e Report No. 2, 1996 165



(Wharton,1978;WalbridgeandLockaby, 1994).Alluvial riverinesystemsarethose
with watershedswhich lie in physiographicunits with clayeysoils andtypically have
relativelyhigh concentrationsof inorganicions. Watershedsof blackwatersystemslie
within the coastalplains(i.e. sandysoils) andstreamsthereinareusuallylow in
inorganicnutrients.Consequently,alluvial systemstendto beeutrophicwhile thoseof
blackwatersystemsmaybe moreoligotrophic.The latterstatementmaybeparticularly
true in the caseof P (Lockabyet al., 1994).

Effectsof past land-useon presentfloodplain systems
The currentcondition of almostall floodplain forestsin the southeasternUnitedStates
reflectsthe integrationof naturalfactorsplus the influenceof pasthumanactivities
(Wharton,1978).Thenatureandintensityof previousactivitiesvary widely andwere
partially dependenton historicalpatternsin termsof themostprevalentlanduse
activitiespracticedin a given area.As an example,thespatialpatternof species
occurrencein somefloodplain forestsreflectsalteredhydroperiodsthatresultfrom
19th andearly20th centuryagriculturalditching and/ordiking (Lockabyet al., 1995;
Stanturfetal., 1995).

Floodplainsthatwerelessaccessibleand/orinherentlyWettermaynot havebeen
farmedbut werelikely subjectedto logging. In mostcaseS,high-gradelogging was
practicedandonly removedvaluablespeciessuchas baldcypress,oakspp.,or pine
spp. Logs wereremovedby avariety of meanswhich includedanimals,rail-spurs,and,
within the wettestareas,pull-boats(Walker,1991).Influencesof selectivelogging on

• present-daystructureandcompositionof floodplain forestsweremoresubtlethan
• thoseassociatedwith agricultureand,consequently,it is difficult to assessthe degrec

to which lastingeffects mayhaveoccurred.However,with the exceptionof pull-boat

loggingandits associatedcanalsystems,the selectivelogging wouldcauselittle
alterationin hydroperiodand,consequently,we theorizethatrriost changesin site
quality would havebeenshort-termalthoughspeciescorripositionmayhavebeen
alteredby removalof seedsources.

Sylviculturalsystemspresentlyused
Historical useof selection/highgradelogging in floodplainforestshasevolvedto an
almostcompleterelianceat thepresenttime on clearcutsysterriscoupledwith natural
regeneration(WalbridgeandLockaby, 1994).However,intere~I in partial cutting is
increasing(MeadowsandStanturf,1995).Clearcutsystemsrri~y utilize eithermanual
andmechanizedmethodsfor felling, the latter obviously neces~itatingan additional
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entry by largeequipment.The vastmajority of log removalsystemsare ground-based~
skidderoperationswith tire widths sometimesbeingwidenedin an effort to reduce
ground-pressure(Aust etal., 1992; StokesandSchilling, 1995).A smallpercentageof
log removal systemsareaerialwith helicoptersservingasthe primarytransportmode.
The naturalregenerationmethodsnormallyusedrequire no sitepreparationso thatsite
disturbanceis confinedto the harvestandlog removalphasesonly.

Responsesto sylvicultural disturbance
Hydrology
Harvestoperationsalonemaycauseonly subtle changesin floodplainforesthydrology
andthosechangesseemto be short-term.Themostcommonplacehydrologicchangeis
elevationof soil watertables(Aust andLea, 1992; Perisonet al., 1992; Lockabyetal.,
1995),aneffect that is alsocommonon manyuplandsitesfollowing harvests.The rise
is dueto areductionin evapotranspirationwhichoccursasa resultof temporary
removalof the transpiringsurface.Evaporativelossesalone(in mostcases)from
clearcutareasshouldnot greatlyexceedthosefrom closedcanopiessincesoil tempera-
ture elevationsareusuallyminimal (e.g.2~3O C higherwithin cutareas—Austetal.,
1992; Messinaet al., 1995).An exceptionin termsofthe magnitudeof soil tempera-
ture increasewasdescribedby Lockabyet al. (1994)following exposureof dark
histosolsin southAlabamawhereincreasesrangedbetween1 O—l5~ C. The extentof
the changein watertabledepthis mostpronouncedprior to re-establishmentof a
vegetativecanopyand,in termsof magnitude,maybesmall (e.g.14 cm rise on
clearcutplots—Lockabyet al., 1995).

An unusualwatertableresponsewas documentedfollowiirig harvestof afloodplain
forestwhich developedon dark-colored,organicsoils (Lockabyet al., 1994).In this
instance,watertablesreceded(i.e. depthto watertablesincreased)until vegetation
canopieswerere-establishedin the secondyearafterharvest.The authorspostulated
thatthis effect wascausedby strongstimulationof evaporatic,nfrom the darksoils,a
theorysupportedby the previouslymentioned,veryhigh increasesin soil temperature
within harvestareas.

Comparedto theeffectsof treeremoval alone,floodplain foresthydrologymay be
affectedto agreaterextentby designof logging roads,a necessarycomponentof
ground-basedharvests.Culverts, ditches,androadsdesigned~s elevatedbermsmay
alter sheetfiowvelocity (Rummeretal., 1995)anddirection(L~ockabyetal., 1995).A
possibilityexists,if sheetfiowis alteredto a significantdegre~,thatfloodplain func-
tions suchas vegetationproductivity(Young et al., 1995) and nutrienttransformation
(Lockabyet al., 1995)could be alteredas well.
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Figure la:
Percentof original Pcontent remainingin litterbagsplaced in control plots on Little
EscambiaCreek floodplain in southAlabama.
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Figure ib:
Percentof original P contentremainingin litterbagsplacedin h~licopterharvestedplot
on Little EscambiaCreekfloodplain in southAlabama.

I
2 4 8 12 16 20 28 36 44 56 68

CO

L.

K k
(H

168 SkogFc~r5k e Report No. 2, 19~f



140

120

100
C

C Fl C 0
80C

S V
Cl)
~ 60

0~

40

20

0
2 4 b 12 16 ZU 26 .i6

Week
Figureic:
Percentof original P contentremainingin litterbagsplacedin skidderharvestedplots
on Little EscambiaCreekfloodplain in southAlabama.

Blogeochemistry
Severalstudieshaveexaminedthe effect of harvestdisturbanceson ratesandmagni-
tudeof nutrient cycling within floodplain forestsaswell ason geochemicalinput-
output relationships.Although harveststudiesin uplandforestshavesometimes
demonstrateda reductionin decompositionrates(Will et al., 1983),similar investiga-
tions in wetlandshavegenerallyshownaccelerations(Maderetal., 1988)or no change
(Lockabyet al., 1995). The divergentresponsesbetweenuplandvs. floodplain systems
probablyreflect the greatertendencyin the former for soil moistureto becomelimiting
to microbesfollowing canopyremovalandsubsequentelevationof soil temperatures.

Temporalpatternsof N andP immobilizario mineralizationin decomposinglitt
appearto be particularly sensitiveto changesin soil microclirriatebrought aboutby
harvestdisturbance.In Fig. la-c (Griffin et al., 1993),Ppatternsbecomeless dynamic
(i.e. dampenedoscillation) as theseverityof harvestdisturbanceincreasesin the order

control,helicopter,skidder.The utility of comparingtreatmentconditionswithin a
floodplain on thebasisof thesepatternsis derivedfrom theintegrationof microbial
activity andnutrientavailability which is reflectedtherein.Temporalpattern alteratioti
will affect the timing andmagnitudeof nutrientavailability in somefloodplain sys-
temsand, thus,mayexertan influenceon (1) speciescompositionof replacement
vegetationand(2) geochemicalsource/sinkrelationships.
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Thecapacityof floodplainsto serveas sinks, sources,or transformationzonesfor
nutrients(dependingon position in the landscape,magnitudeof elementalinputs,and
time sincedisturbance)hasbeenclearly documented(Brins~v, 1993).In recenthistory

therehasbeenmuchconcernregardingthe degreeto which sylvicultural activity might
stimulatesourcebehaviorfor a numberof non-pointsourcepollutants(i.e. sediment,
nitrate,etc.).However,the magnitudeof sourceactivity has beengenerallyshownto
be smalland the longevity of any effectsto be short-term(Shepard,1994;Lockaby ci
al., 1994;Messinaet al., 1995).Therearestrongindications that, oncerevegetation
hasoccurred,sedimentdepositionis stimulatedby enhancerrientof theroughness
coefficientandthe associatedlossof energyin sheetfiow(Scott et al., 1990;Perisonci

al., 1992; Zaebsret al., 1994).
The degreeto which sylvicultural disturbancemightalter thecapacityof a flood~

plain forestto transformnutrients (Elder, 1985) is lesscertain than that associatedwith
the aforementionedono-pointsourceactivity. The transformationprocessis more
subtlechemicallyandbiologically thanthe occurrenceof non-pointsourcepollution
and,consequently,requiresa differentstudydesign.Sedimentandchemicalexchangc
betweensheetfiowand floodplainsurfacesoils werestudiedin thefirst yearfollowil4’
harvestsin Georgia(Lockaby etal., 1995).Thoseauthorsfoundfew differences
betweenpartial harvestsandunharvestedareasin termsof changesin sheetfiow
chemistry.Both areasactedto detainbasiccationsandto releasenitrate.The data
suggestedthat total organiccarbon(TOC) export wasincreasedfrom partially har-
vestedareas,probablyasaresultof the largeamountsof coaxsewoodydebristhere.

Vegetationcompositionandproductivity
Clearassessmentsof the degreeto whichsylvicultural operationsmayaffect the
compositionandproductivity of woodyspeciesarehamperedDy thebrief timespans
(i.e. 1—2 years)of most studiesreported(Lloyd, 1995;Messi~~etal., 1995).An
exceptionis the harvestresponsedataof Zaebstet al. (1994)whichcomparewoody
vegetationcharacteristicsfollowing aerial vs. ground-basedlo~ removal in the MobiL
RiverDeltaof southAlabama.Although speciescompositiondifferedbetweenthe t\v
log removalsystems,total abovegroundbiomassandstetnden sitieswere similar at

age7. Givenrecentreportsof long-termproductivity declinesfollowing ground—hascJ
harvestson uplandsites in the southernUnitedStates(HaywocdandTiarks, 1994),
future productivityassessmentsof aerialvs. ground-basedsystiemson plots associated

with severalrecentstudies(Perisonet al., 1992; Lockaby etal, 1994;Lockaby Ct al.
1995; Messinaet al., 1995; Zaebstet al., 1994)are clearlyWaricantedas thosestands
mature.

It is evidentthat the modeof log removalused(i.e. wDeth~raerial or ground-
based)can makeamajordifferencein termsof speciesccrnpo~itionin the first year
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following harvests(WalbridgeandLockaby,1994). In general,specieswhichrepro-
duceprimarily from seedarefavoredby ground-basedoperationswhile thosethat
regeneratevia sproutingare favoredby aerialharvesting.The divergentresponsesare
probablydueto agreatertendencyfor damageto occurto roots andstumpswith
ground-basedequipment.Whetheryoungstandsresultingfrom the two systemsof log
removalcontinueto reflect differentspeciescompositionastheymatureis uncertain.

Therealsoappearsto bepotentialfor manipulationof Quercussp. compositionin
floodplain foreststhroughthe useof partialcutswhich maypreceedaclearcutby a
variablenumberof years(Barry andNix, 1992).Although thereis strongevidencethat
the typeof log-removalsystemandthe occurenceof intermediateoperationsboth
influencespeciescomposition,thereremainsmuchuncertaintyin mixed-species,
uneven-agefloodplain forestsconcerningthe bestmethodsto usefor guidingcomposi-
tion to a desiredoutcome(Meadowsand Stanturf, 1995).

Amphibianpopulations
Themostcommonlyusedindex of faunalhabitatquality (aswell asgeneralecosystem
integrity (Mitt et al., 1990)in connectionwith floodplainforest disturbanceis amphib-
ian populationsurveys.This is becauseamphibiansareparticularlysensitiveto subtle
changesin habitat(Pechmannetal., 1989;BlausteinandWake, 1990;Hayesand
Jennings,1990)and havesmall ranges(Corn andBury, 1989). In addition,many
amphibianspeciesoccupyterrestrial-aquaticecotones(Wyman, 1990)and, thus, they
areparticularlysuitedto evaluationsof floodplain disturbance.

In southAlabama,Clawsonet al. (1995) found that,immediatelyafterhelicopter
harvestsin floodplain forestssituatedon organicsoils,densitywas affectedonly to a
minordegreebut that diversitydeclinedsharply.However, diversity recoveredby six
monthsafterharvestspresumablyas vegetativecoverwas reestablishedandsurface
soil temperaturesbeganto return to normal ranges.Althoughthe numberof species
hadrecovered,shifts in speciescompositionpersistedfor thetwo yearstudyduration.
PhelpsandLancia(1992),working in the coastalplain of South Carolina,felt that their
datasuggestedgreaterdiversity in clearcutareaseventhoughn~ statisticaldifferences
were found betweenclearcutsvs. controls.As in the caseof vegetativeresponses,the
timerequiredfor re-establishmentof pre-harvestamphibianpopulations(or the degre
to whichre-establishmentmayoccurat all) areunknown.

conclusions
Existingstudiesindicatethat sylvicultural operationsconsisting cf clearcutsin combi-
nationwith naturalregenerationarecompatiblein ageneralsense with the major
functionsassociatedwith floodplain forests.Theseoperationsar~ particularly compaV
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ible with functionsif aerial log removalsystemsareutilized.~3asedon general
observationsof perceivedimpactson floodplainforestsfrom hoth historicaland
currentlandmanagementscenarios,we believethat thosescer~arioswith lesspotential
to inducelongtermchangesarethosewhich alterhydroperiod to the leastextent.

Thereremainsa needto clarify potentialinfluencesof log ~ing roadson hydro-
period and, subsequently,on vegetationproductivityandbiogeochemicaltransforma-
tion functions.Also, the ecologicalprocessesinvolved with arid the effectof land
managementon the latter functionhavebeenlittle researched.Finally, reassessmentof
vegetationproductivityandfauna]populationdynamicson floodplainswhich were
harvested10—20yearsago arebadly neededin orderto documentthedegreeto which
theaggradationof thosefactorsmayor may not convergeto preharveststates.
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